FREQUENCY DEPENDENCE OF SOUND ABSORPTION OF VITREOUS SILICA BETWEEN
Abstract.-We present new measurements of the attenuation of ultranonic and hypersonic waves for temperatures ranging from 10 to 300 K in silica glass. The results show that the relaxation process which is predominant for the absorption of ultrasonic waves is not sufficient for describing hypersonic attenuation. Anharmonic three-phonon interactions are proposed to explain the excess damping, and are seen to be in qualitative agreement with the observed temperature dependence above 300 K.
The acoustic attenuation of vitreous silica below room temperature is dominated by a strong broad peak which is observed at about 50 K for ultrasonic f r e q~e n c i e s .~ This maximum can be explained by assuming a coupling of elastic waves with a thermally activated relaxation process having a broad spectrum of relaxation times. Structural defects involving oxygen a t~m s l -~ or Si04 tetrahedrons3 have been proposed as a microscopic description of relaxing systems. On the other hand, Pine4 claimed that anharmonic three-phonon interactions were the most likely explanation for the peak observed in his Brillouin scattering results. However, several authors (see e.g. Ref.5) have demonstrated that these two points of view were incompatible.
Our purpose is to find a description of the elastic properties of vitreous silica, which agrees with both ultrasonic and hypersonic results. This analysis must be based on experiments performed on the same sample, as the elastic properties of glasses are known to be sensitive to the impurity content and thermal history of the ample.^ Therefore, we have measured the velocity and attenuation of longitudinal and transverse elastic waves, for temperatures ranging from 10 to 300 K at ultrasonic (5 -200 EHz) and hypersonic (16 -35 GHz)
frequencies. The experimental set-up as well as the whole set of results are given in Ref. The parameters P(V) and -co have been adapted to fit the ultrasonic values. We have observed7 that different sets of parameters can be chosen without affecting appreciably the quality of the fit. Performing the calculation at hypersonic frequencies with the same values of the parameters give the dashed line in Fig. 2 , which is only weakly sensitive to the change of the set of parameters. The comparison with experiments in Fig. 2 shows that the thermally activated relaxation process is not sufficient to explain the high value of the hypersonic attenuation. An excess attenuation of about 5 0 0 0 db.cmel is observed at room temperature : this excess is only weakly temperature dependent in a temperature range as large as 1 0 0 K -1 0 0 0 K (the results above 300 K are taken from 9ef. 9). This value has to be compared to the attenuation due to aaharmonic phonon-phonon interactions in quartz which is about 2000 db.cm-' at 40 GHz . We therefore think that this process contributes appreciably to hypersonic attenuation in vitreous silica. The theoretical calculation of the attenuation due to phononphonon interaction in the Akhieser regime (UT < 1) in crystals is given by : l 0 a (db . cm-l ) = 4.34 y 2~~~2~/ p v 3 where C is the specific heat per unit volume and T the lifetime of thermal phonon. This expression, valid for crystals in the Akhieser regime, assumes that the sound waves is a driving field which destroys the equilibrium of thermal phonons, considered as localized wave packets. This picture seems to apply to glasses, at least in first approximation.
The lifetime of thermal phonons is usually deduced from the kinetic expression for the thermal conductivity K :
From the experimental values for K and C , a nearly constant value T -10-l3 S , corresponding to a mean free path of about 10 , .is found between 300 and 1000 K .
This constant value of the mean free path of high frequency phonons responsible for a large part of heat transport has been assumedll to be due to the disorder. It would lead to an attenuation a * T , in disagreement with the experiment. It seems most likely that the attenuation is due to lower frequency phonons which are able to propagate on larger distancies in the amorphous network and therefore to undergo three -phonon processes. The lifetime of such phonons is known to vary as T T at high temperatures and would lead to the right temperature dependence for the attenuation.
